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INTRODUCTION 
Pearl millet (Pennisetum glaucum (L.) R. Br.) is the fourth most important crop after Wheat. 
Rice and Maize for feeding the world population. Globally, it is grown on about 26 m~llion ha of 
land and annual grain production is 16 million tonnes (FAO, 1996). lndia and Africa together 
contribute about 93 per cent ofthe total production of pearl millet in the world. It is a dual purpose 
crop with wide ecological adaptability. It is cultivated primarily as a food crop in several countries 
of East and West Africa and Indian subcontinent (Brunken et al., 1977; Pearson, 1985). Pearl millet 
is used as a forage crop in the United States, Australia and Southern Africa and its hybrid with 
elephant grass (Napier grass), is widely used as a perennial forage crop in East and Southern Africa, 
Brazil and lndia where it is principally propagated by cuttings. 
Pearl millet is a rich source of protein, calcium, phosphorus and iron. It also contains fairly 
high amount of riboflavin and niacin. The protein content in pearl millet ranges from 6 to 24 per 
cent (Jambunathan and Subramanian, 1988).The relatively higher protein content available in pearl 
millet is especially important from the nutritional point of view to the people who depend on millet 
for food and consequently pearl millet is the "way of life" in countries like Nigeria. It is considered 
as the "food of the people" in Sudan. 
Pearl millet has a number of advantages that have made it the traditional staple cereal crop 
in subsistence or low-resource agriculture in hot, arid and semi-arid regions like the West 'African 
Sahel and Rajasthan in north western India. These advantages include tolerance to drought, heat and 
leached acid sandy soils with very low clay and organic matter content. 
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However, it has the ability to grow rapidly in response to brief periods of favourable 
conditions - a feature of such semi-arid tropical regions. In ideal conditions, it has one of the highest 
growth rates of all cereals (Kassam and Kowel, 1975; Craufixd and Bidinger, 1989). Its grain is 
generally superior to sorghum as human food and at least equals maize in value as feed grain. 
Whereas, grain is the main purpose of cultivation in Africa and Asia, the forage, or stover, at harvest 
is an important secondary product in subsistence agriculture for animal feed, fuel or construction. 
Pearl millet plays an important role in economy of Indian agriculture as its grain forms a 
staple diet of an estimated 10 per cent population of the country. It supplies energy equivalent to 360 
k cal 100.' g of grain, which is higher than many other cereals (Krishnaswarny, 1962; Rachie and 
Majjdar, 1980). It will continue to play an important role in the Indian economy, particularly in the 
arid and semi-arid regions of the country. 
In India, pearl millet is grown over an area of 10 million ha and annual grain production is 
7 million tonnes (Anonymous, 1994). The states of Rajasthan, Maharashtra, Gujarat, Uttar Pradesh 
and Haryana account for 92 per cent of the area and contribute about 91 per cent of the total 
production in the country. The state of Rajasthan alone contributes about 36 per cent of the total 
production of pearl millet in the country. In Haryana, pearl millet is grown over an area of 0.60 
million ha with a production of 0.74 million tonnes. 
India witnessed a spectacular increased in production and productivity of pearl millet, after 
the release of first hybrid HB-1 in 1965. Unfortunately, the increase in production was short lived 
due to downy mildew disease despite the availability of large number of hybrids and varieties with 
high production potential (35-40 q hti'). The production as well as productivity continue to be not 
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only low but also highly unstable. The fluctuations in production and productivity have mainly due 
to biotic and abiotic stresses despite the fact that the crop is capable of producing very high biomass 
in a short growing season . 
Pearl millet is endowed with a rich reservoir of genetic variability for van'ous yield 
components, adaptation and quality traits. Exploitation of the immense genetic variability in the 
available germplasm holds the promise of producing high yielding hybrids and open-pollinated 
varieties adapted to a wide range of both traditional and non-traditional agro-ecological 
environments. The more d~verse the parents, the greater are the chances of obtaining new 
combinations of genes and thus more are the chances of improvement. Fisher (1918), Lush (1940). 
Panse (1940), Frankel (1946), Mather (1949), and Allard (1956,1960) have emphasised the utility 
of estimating the genetic component of the total variance for the prediction of response to selection 
in breeding programmes. 
It is important to understand the inheritance of yield and yield contributing traits before 
initiating any eficient breeding programme. By and large, heritability estimates for grain yield 
components are higher than yieldper se . Heritability estimates may be high for grain yield (Navale 
et al., 1991; Bhamre and Harinarayana, 1992a), grain yield per panicle (Pokhriyal et al., 1967), grain 
weight (Kunjir and Patil, 1986; Dass, 1989), grain number per unit area (Vyas and Srikant, 1984; 
Aryana et al., 1996) and panicle surface area (Rattunde et al., 198%. Generally, heritability estimates 
are high when data are based on a single environment but low when data are based from two or more 
environments (Singh, 1974; Sandhu et al., 1980). 
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Grain yield is the ultimate criterion for the plant breeder in his attempts to evolve improved 
varieties. Grain yield is a complex trait and is the result of interaction of various yield components. 
Correlation studies are very helpful in making effective selection, since higher the correlation bet- 
ween grain yield and an individual trait more reliable is the selection based on that trait. Positive 
correlations of grain yield with panicle surface area (Mahadevappa and Ponnaiya, 1967; ICRISAT, 
1986; Rattunde et al., 1989b.Bidinger et al., 1993). grain number per unit area (Shankar et al., 1963; 
Navale et al., 1995), grain weight (Diz et al., 1994; Tomar et al., 1995), grain number per panicle 
(Diz and Schank, 1995) and grain yield per panicle (Mahadevappa and Ponnaiya, 1967; Diz and 
Schank, 1995) have been reported in pearl millet. 
A study of correlations between yield components is also an important for assessing the 
feasibility ofjoint selection for two or more traits at a time. Positive correlation of grain weight with 
panicle surface area (Bidinger et al., 1993) and grain number per panicle (Diz et al, 1994; Diz and 
Schank 1995) have been reported. A positive correlation between two desirable traits make the job 
of plant breeder easy for improving both traits simultaneously. However, a negative correlation 
between two desirable traits impedes or makes it impossible to achieve a significant improvement 
in both traits, depending upon the intensity of linkage between the two traits. 
Differences in grain yield among cereals are more often related to differences in grain 
number per unit area than to differences in grain size. Direct selection for grain number per unit 
area, however, is not a practical approach to breed for increased yield potential because i) its high 
cost of measurement on large numbers of progeny rows and ii) its probable lack of relevance when 
measured in spaced plants. 
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Panicles with large surface area had a different grain number-grain size relationship than 
panicles with a small surface area (Bidinger et al., 1993). Individual grain size was greater for a 
given grain number in large surface area type of panicles than in small panicle surface area, leading 
to 20 per cent increase in grain yield in former types. 
Keeping this in view, the present study was, therefore, carried out with the following 
objectives: 
1. To determine the effect of panicle surface area on panicle grain number, grain size and 
grain yield in pearl millet. 
2. To predict and measure gain in grain yield improvement from selection criterion based 
on panicle surface area. 
MATERIALS AND METHODS 
BASE GENETlC MATERIAL 
In the present investigatio~ three composites of pearl millet viz., Early Composite 1987 (EC 
87), Early Composite 1991 (EC 91) and High Head Volume B Composite (HHVBC) were chosen 
considering wide ranges in their panicle surface area (panicle length x panicle diameter x rr. 
assuming the panicle to be a perfect cylinder) 
The EC 87 was constituted by random mating Early Composite 11 (ECII CI), two Bold 
Seeded Early Composite (BSEC) varieties (ICMV 87901 and ICMV 87902) and one variety (ICMV 
871 19) from Early Composite (EC) 
The EC 91 was developed by random mating Early Composite 11 (ECII CI)  and Early Smut 
Resistant Composite 11 (ESRCII CO). 
The HHVBC was bred from crosses of elite breeding lines and selected germplasm 
accessions having long and thick panicles. Distinguishing features of the three composites are given 
in Table 1 (see also Fig. I). 
Table 1. Distinguishing features of the three composites of pearl millet used in present study. 
Composite Origin Panicle surface area (cm2) Major features 
EC 87 ICRISAT 11 1-448 Early maturity, medium height, large 
seed size, moderate tillering. 
EC 91 ICRlSAT 145-441 Early maturity, medium height, long 
panicles, moderate tillering. 
HHVBC ICRlSAT 100-667 Late maturity, dwarf height, large seed 
size, maintainer of A,,, crns (20-30% 
plants maintainer of A, crns). 
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S, PLANT EVALUATION 
Approximately 1000 plants (spaced 75 x 75 cm) from each of the three composites were 
grown in rainy season 1993 (June-September) at the International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT), Patanchew. The main panicle of each plant was left for open 
pollination to measure panicle surface area and a tiller panicle was selfed to produce S ,  seed At 
maturity, off type plants were discarded and panicle length and diameter were recorded on main 
panicles Also, plants from the original composites were visually evaluated for yielding ability by 
the breeder who bred the original composite. Approximately 800 selfed panicles were harvested 
from each of the three composites. 
The experimental material consisted of two sets of experiment. 
S, progeny evaluation 
Experimental varieties evaluation. 
S, PROGENY EVALUATION 
Selection of S, progeny 
S, progeny from each population were ranked according to panicle surface area and the total 
distribution was divided into 12 classes of equal interval (Fig. 2) 
Twelve progenies were selected at random from each class for field evaluation to..(i) assess 
the genetic variation in panicle surface area (ii) estimate heritability of panicle surface area and 
compared to other yield related traits and (iii) assess the genetic correlations of panicle surface area 
with grain yield and its components. 

Site and Season 
The S, progenies were evaluated at ICRISAT-Patancheru during rainy seasons of 1994 and 
1995 The seasonal rainfall in 1994 and 1995 was 550 mm and 747 nim, respectively 
Design and Layout 
The 144 S, progenies from each composite representing full range of panicle surface area 
were grown in Completely Randomized Block Desiyn (CRBD) replicated three times, keeping a plot 
size of one row of 4.0 m length with 75 cm inter-row spacing and 10 cm plant to plant distance. 
Crop management 
The S, progenies were planted by seed drill mounted on tractor, irrigation was not given 
throughout cropping season in both of the years. A basal dose of 42 Kg N ha.' and 42 Kg P,O, ha" 
fertilizers was applied. An additional 46 Kg N ha.' in the form of urea was side dressed 25-30 days 
after seedling emergence Interculture and one hand weeding were done to control weeds 
Traits assessed 
Traits measured on S, progenies, their abbreviations, units and method of measurement are 
presented in Table 2. Traits were measured at the time of harvest in all the three replicatiins and in 
each set of S, progenies Panicle length and diameter were recorded on five randomly selected plants 
per plot and panicle number, grain weight and grain yield were recorded on plot basis. 
Table 2. Traits measured on S, progenies of pearl millet, their abbreviations, units and 
...-...-- -. ~ ~ 
Trait Abbreviation Unit Method of measurement or calculation 
Panicle length PNLN cm Measured from the base of the panicle to the 
tip of the panicle 
Panicle diameter PNDA cm Measured with the help of vernier calliper 
at three positions (top, middle and bottom) and 
averaged 
Panicle surface area PNSA cm2 Panicle length x panicle diameter x rr 
Panicle number m" PNNM" no Number of panicles I net harvested area 
Grains panicle-' GNPN" no [(Grain yield panicle'l) 1 (1000grain wt )] XI  000 
Grain number m" GNM2 no [(Grain yield m'2) 1 (1000 grain wt )]  x1000 
1000 grain weight TGWT g 100 grain counts were made on three randomly 
selected samples, averaged and multiply by 10 
Grain yield panicle" GYPN-' g Grain weight I panicle number 
Grain yield m'2 GYM2 g Grain weight I net harvested area 
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Statistical analysis 
Statistical analysis for each trait was done according to Completely Randomized Block 
Des~gn (CRBD) Pooled analysis involving two environments was carried out using Genstat 
package 
Analysis of variance 
Analysis of variance were computed in order to find out differences among S, progenies 
for different traits on the basis of the model described by Panse and Sukhatme (1967) 
Where, X,) = Observations on the iIh genotype In the j" block 
p = General mean 
g, = Effect of il"enotype 
b, = Effect of j' block 
e, = Error associated with i* genotype in j'block 
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4nalysls of vanance tables for all truts In each evpennlent \+ere constructed as yl\en In Table 3 
Table 3. Analysis of variance for 144 S, progenies. 
Source of \anation d f hl S 
Repl~catlon 
Genotype 
Error 
Where, r ; Nunlber of rupl~catlons 
g = Number of' genotypes 
hlSr. XIS8 and hlSe stand for the mean squares due to repl~catlon, gcnotvpe and error, respec~~vel\ 
Pooled analysrs of varlance ol'ir~volv~ng t uo  envlronnients for eacli tralt was done as per 
partltlonlng of degrees of freedom gtven In Table 4 
Table 4. Pooled analysis of variance for 144 S, progenies involving two environments. 
Source of varlatlon d f 
Env~ronment (e-I) 
Repllcatron in envlronment e(r- I) 
Genotype (P-1) 
Genotype x Env~ronment (m- 1 Me- I)  
Pooled error Hr-l)(m-l) 
Where e, r and g stand for the number of environments, replications and genotypes, respectively 


Each S, progeny was sown in one row and mi\ture of the progenies In SIX rows with 5 m 
length The pollens from the mlvture of the progenies were collected and used to pollinate each 
progenv in each variety In three composites Equal quantity of seed fro111 ?? S ,  progenies were nl~ved 
In each vanety In all the three composites and thus ?J evperimental varletles were made (Fig 4) as 
ylven below 
1 EC87 PCVl 
2 EC87 PCV? 
3 EC87 PCV:; 
4 EC87 PCV4 
S EC87 PCVS 
6 EC87 RNDV 
7 EC87 BRDV 
8 EC87 ORlG 
9 EC91 PCVI 
10 EC91 PCV? 
I I EC91 PCV3 
I2 EC9I PCV4 
13 EC9I PCV5 
14 EC9I RNDV 
15 EC9I BRDV 
16 EC91 ORIG 
17 HHVBC PCVI 
18 HtIVRC PCV? 
19 HHVBC PCV3 
20 HHVBC PCV4 
?I HHVBC PCVS 
22 HHVBC RNDV 
23 HHVBC BRDV 
24 HHVBC ORIG 
EXPERIMENTAL VARIETIES EVALUATION 
The experimental varleties obtalned above were evaluated at three locations (Table 5)  
Table 5. Location, condition, season and year for the evaluation of experimental varieties. 
Location Condition Season Year 
Hi sar Irrigated Rainy 1996, 1997 
Rohtak Irrigated Rainy 1996, 1997 , 
ICRISAT- Irrigated Summer 1997 
Patancheru Low fertility Rainy 1996, 1997 
High fenility Rainy 1996, 1997 
Extended day length Rainy 1996, 1997 
4. h c e d u r e  for formation and evaluation of experimental varieties. 
ikrs 
I PCVl 
PCV2 
PCV3 
PCV4 
PCVS 
RNDV 
BRDV 
om 
I I 2 2 ~ l  I Bulk 
1 1 2 2 ~ 1  1 Bulk 
22 S l  
I l 2 2 S l l  I Bulk 
I Bulk ' I Bulk 
I 
HHVBC' open- 
I .  Twenty two selected S, 
progenies of each v h y  were 
22 S1 grown along with mixlure of 22 
2. Bulk pollen of 22 S, 
m e n i e s  was used to wllinate ki progeny ineach ;ariaY. 
3. Egual quantity of s&d from 
* 
U 
varidies were evaluated in 
replicated trials in I I 
Hisur 
Hisar is situated at the latitude o f  29" N . lon$itude 75" E and an altitude 2 15 2 ni  ahove mean 
sea level and falls In the semi-tropical region o f  nonh lndia The euperiments were carr~ed out at 
the research farm. Depanment o f  Plant Breeding. Chaudhary Charan Singh Haryana Agricultural 
University. Hisar 
Rohtuk 
Rohtak IS sltuated at the lat~tude o f  28" N longitude 76" E and .in altllude 219 84 m ahove 
mean sea level and falls In the secnl-trop~cal reglon o f  nonh lnd~a The evperlrnenta were conducted 
at Research Statlon Rohtak. Chaudhan Charan Slngh Harvana Agricultural lln~verslty, H~sar 
Pnruncheru 
Patancheru is situated at the latitude o f  18" N, longitude 78" E and an altltude 545 m above 
mean sea level and falls in the semi-arid tropical region o f  south lndia The experiments were carrled 
out at ICRISAT-Patancheru, Andhra Pradesh 
Design and Layout 
The experimental varieties were grown in Completely Randomized Block Design (CRBD) 
with four replications at all locations The plot size was four rows o f 4  0 m length with row to row 
and plant to plant distance 45 cm and 10 crn, respectively at Hisar and Rohtak whereas, the inter-row 
spacing was 75 cm at Patancheru. Harvst area was two central rows o f  3.0 rn length at all locations. 
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Crop management 
Planting at Hisar and Rohtak was done by dibbling method Dianinionium phosphate ( D M )  
at the rate of 60 kg N ha" and 60 kg P,O, ha.' was applled as a basal dose and 60 Kg N ha.' In the 
form of urea tcas side dressed 25-30 days after seedling emergence in each experiment lnterculturc 
was done manuallv to control weeds At Patancheru, the experimental varieties were planted by seed 
drill mounted on tractor 
Under low fertility condit~ons, ammonium phosphate at the rate of 2 I kg N ha.' and 9 kg P 
ha'l was appl~ed as basal dose lrrigat~on was not glven throughout the cropping season 
Llnder high fertility conditions, ammo~iium phosphate at the rate of 42 kg N ha" and 18 kg 
P ha.' was applied as a basal dose and 4(, kg N ha1 in the form of urea was s~de  dressed at 25-30 
days after seedling emergence in each experiment Irrigation was not given during the cropplng 
season Plots were intercultivated to control the weeds 
In extended day length experiment, the day length was extended to 14 30 hr, using flood 
lights (100 watt tungsten filament bulbs) mounted on a 3 x S m grid about 2 m above the ground 
The fertilizer doses were the sameas in case of high fertility condit~ons In this experiment spr~nkler 
irrigation was applied up to 40 days and then furrow irrigation was given 
In summer crop, the doses of fertilizer as a basal dose and side dressing was also s a n e  as 
applied in high fertility condition But furrow irrigation was given throughout the dry season 
Traits assessed 
Traits were measured in experimental varieties on panicle and plot basis, their abbreviations, 
units and method of measurement are preinted in Table 6 and 7, respectively. 
Table 6. Traits measured on 24 experimental varieties of pearl millet on panicle basis, their 
abbreviations, units and method of measurement. 
Trait Abbreviation Unit Method o f  measurenient or calculation 
Panicle length PNLN cni hieasured from the base o f  the panicle to the 
tip o f  the panicle 
Pan~cle d~anieter PNDA cm hleasured with the help o f  vertiler call~per a1 
three positions (top, middle and bottom) and 
averaged 
Panicle surface area PNSA cm2 
Grain number cni'! GNCM ' no 
I000 grain weight TGWT g 
Grains panicle" GNPN.' no 
Grain yield panicle'' GYPN" g 
Panicle length x panicle diameter x n 
Number o f  urains were counted ner souare cni 
at three positions (top, middle and botto~n) and 
averaged 
100 grain counts were made on three randomly 
selected samples, avera~ed and multiply by 10 
[(Grain yield panicle.')/ ( 1000 grain w.)j x 1000 
Grain weight 1 panicle number 
Table 7.Traits measured on 24 experimental varieties of pearl millet on plot basis, their 
abbreviations. units and method of mcasunmcnl. 
T r a ~ t  Abbreb~a t~on  l i n ~ t  hlethod of measurement or  calculat~on 
Pan~cle nuniher m': PNNhl': 111) Yu~nher of pian~clcs net Iiames~ed area 
Grams panicle.' GNPN.' no [(Gram yeld pan~cle") 1 ( 1000  rain wt )] x 1000 
Grain number m': GXhI" no [(Grain y~eld 111.:) I ( 1000 gram wt )] x 1000 
I000 gram weight TGWT g 100 gran counts \rere made on three randontly 
selected samples, averaged and niultiplv hy 10 
Gram q~e ld  m" GYhl" g Gram u e ~ g h t  I tiel harvested area 
Davs t o  flowering DAFI. days Days after sowing when 5046 of  plants had 
panlcles w ~ t h  enierged stlgnia 
Plant height PLHT crn Measured fiom the base of the plant t o  the t ~ p  
of primary pan~cle 
Fodder y~e ld  m': FYM" g We~ght of vegetat~vely dry mattertnet harvested 
area 
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On panicle basis, traits were measured on ten randon~ly selected primary panicle at maturity 
Traits on plot basis were measured at harvest except for days to flowering (DAFL), which was 
~ecorded at 50?/0 flowering Dry weights were recorded aAer plant materials were dried for 48 hr 
at 70'' C 
Statistical analysis 
Pooled analysis involving I I environnients was carried out using Genstat package 
Analysis o j  variance 
The analysis of variance for each trait was done as per partitioning of degrees of freedom 
given in Table 8 The analysis of variance for individual population was also done for each trait 
following partitioning of degrees of freedom presented in Table 9 
Assessment (IJ variability 
The simple measures of variability include mean, range, standard error and coefficient of 
variation were assessed. The analysis of variance permits estimation of phenotypic and genetic 
coefficients of variability for various traits as given below: 
Phenotypic coefficient of variability (PCV) = [(VP)'nIX] x 100 
Genetic coefficient of variability (GCV) = [(VG)lnIX] x 100 
Where VP, VG and X stand for phenotypic variance, genetic variance and mean respectively. 
- - 
Table 8. Pooled analysis of variance for 24 e~perimental varielies of pearl millel. 
Sourse o f  variat~on d f 
Environment (e-1) 
Replication in environment e(r-1) 
Genotype ( e l )  
Population ( P I )  
Selection (s- 1) 
Population t Selection (p-l)(s-I) 
Genotype x Environment (p 1 )(e- 1 ) 
Population x Environment (p-I)(e-l) 
Selection x Env~ronment (5- l)(e-I ) 
Population u Selection x Envcronmcnt (p- 1 )(s- I )(e-I) 
Pooled error e(r- 1 )(g- 1) 
Where e, r, g, p and s stand for number of  environments, repl~cations, genotypes, populations and 
selections 
Table 9. Pooled analvsis of variance for 8 exoerirnental varieties in each nonulation 
- Sourse of  variation d f 
Environment 
Replication in environment 
Genotype (Selection) 
Genotype x Environment 
Pooled error 
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I t  also permits estimation o f  broad sense heritability and expected genetic advance under 
selectcon as follows 
Hrrd sense herirahili@ = V, I Vl. 
Where. V, = V,; + V,, / E + V, / RE 
\I,; = Genetic variance 
V,,, = Genetic and Environment lnteractlon variance 
V, = Env~ronmental varlance 
E = Number o f  env~ronnlents 
R = Number of  repl~cat~ons 
Hallawand Mlranda (1981) classtfied the herttabcl~ty value as. 
Very high = 10 7 
H ~ g h  = 0 5-0 7 
Moderate = 0 3-0 5 
L o w = < 0 3  
Expected genetic advance = r x h2 x (VP)'" 
Where, r = Standardised selection differential and its value is 2 06 at 5% level 
= Heritability in broad sense 
VP = Phenotypic variance 
Genetic advance (GA) in p a  cent of mean = (GAIX) x 100 
Where. X =Mean 
Estimated gain from indirect selection = i x r, ,, x h, x (v, ,)' ' 
Where, i = Standardised selection intensity at s x  
r, ,! =Genetic correlations between x (secondary trait) and 
y (primary trait) 
h, Square root ofheritability ofsecondivy trait 
v, , = Genetic variance of primary trait 
Genetic correlation coefficients 
Genetic correlation coefficients were estimated according to the procedure given by 
Johanson et al., (19551) 
r (8) = GCOV(XY)/[GV(X) x GV(Y)]"' 
Where, r(g) = Genetic correlation between X and Y 
GCOV(XY) = Genetic covariance betwccn X and Y 
GV(X) = Genetic variance of X 
GV(Y)E Genetic variance of Y 
RESULTS - SI PROGENY 
The 144 S, progenies of three composites viz.. EC 87. EC 91 and HHVBC wrt evaluated 
in Completely Randomized Block Design (CRBD) with three replications at ICKISAT-Patancheru 
in rainy seasons of 1994 and 1995. The traits studied were panicle length, panicle diameter. panicle 
surface area. panicle number per m ,  grain number per ni , 1000 grain weight. grain number per 
panicle. grain yield per panicle and grain yield per m .  The results ohtained arc described below: 
Analysis of variance 
Mean squares among 144 S ,  progenies revealed signiliccinl variability for all traits of the 
three composites in 1994 and 1995 crop seasons (Tahlc 10 and 11 ). Pooled analysis of variance 
indicated highly significant mean squares due to genotype for all traits and genotypc x environment 
for grain yield per m1 in the three composites, panicle surface area in KC 87 and EC 91 and panicle 
number perm? in EC 87 only (Table 12). 
Mean performance (compositca) 
A summary of mean, range, standard error and coeficient of variation measured on S,  
progeny of three composites are presented in Table 13. 
Composite HHVBC has the greatest mean panicle length, panicle diameter, panicle surface 
area, 1000 grain weight, grain number per panicle and grain yield per panicle. EC 87 has the 
maximum me& values for panicle number per m', grain number per mZ and grain yield per m2. 
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The range of variation in panicle surface area among the 144 S, progenies in each composite 
was more than two fold. The variation in panicle surface attn was due to the effects of viuiation in 
panicle length as well as in panicle diiuncter. Ranges among S, pn>genics in grain number per 
panicle and grain yield per panicle was also more than two fold in the three composites. 
Genetic variation 
The phenotypic coefficient of variation (PC'V) and gcnctic coctlicicnt of varintion (CiC'V) 
are shown in Table 14. 
Estimates of phenotypic coefficient of variation and genetic cwllicient of' variation rcvcal~vl 
that the PCV was generally higher than GCV for most of the trails. but in some cases. the two values 
differed slightly. The lowest values of PCV and GCV were shown by panicle diameter in L;.(' 87 and 
EC 91. The highest values of PCV and GCV were shown by grain yield per panicle in I-IHVBC 
followed by grain yield per panicle and grain numhcr per panicle in EC 87. panicle diameter in 
HHVBC. grain number per m2 and panicle number per m' in EC 87. 
Heritability and Genetic advance 
Estimates of heritability and genetic advance are given in Table 15. The heritability estimate 
ranged from 63% (grain number per m2) in EC 91 to 95% (panicle length) in HHVBC. High 
heritability estimates were also observed for panicle diameter, panicle surface area 1000 grain 
weight, grain number per panicle and grain yield per panicle in the thrte composites. 
Lowest estimateJ of heritability were shown by panicle n u m b  per rn in HHVBC and grain 
yield per m2 in EC 91 and HHVBQ; 
Table 13. Mean, range, standard error (SE) and rocfncient of variation (CV) for nine tnita 
among 144 S, progenies in t h m  pearl millet composites averaged over two envimnmenb. 
Trait Comoosite Mean Rannr: SE(*) CVl%l 
Panicle length (cm) EC 87 
EC 91 
HHVBC 
Panicle diameter (cm) EC 87 
EC 91 
titlVBC 
Panicle surface area (cn?) EC 87 
EC 91 
tlHVBC 
Pan~cle number per m! EC 87 
EC 91 
t1tIVUC 
Grain number per m' EC 87 
EC 91 
IIHVRC 
1000 grain weight (g) EC 87 
EC 91 
HHVBC 
Grain number per panicle EC 87 
EC 91 
HHVBC 
Grain yield per panicle (g) EC 87 
EC 91 
HHVBC 
Grain yield perm' (g) EC 87 
EC 91 
HHVBC 
Table 14. Phenotypic cocfficicnt ofvariation (PCV) and genetic rocflicicnc of variation (CCV) 
for nine traitc among I 4 4  S, progenies in t h m  p a r 1  millet cornposita rvcngcd over two 
environments. 
Txit -- Composite - - PCV(%) - - -- -- - sVpo)- -- 
Panicle length (cm) EC 87 12.5 11.9 
EC 91 12.5 12.3 
HHVBC 13.8 13.5 
Panicle diameter (cm) EC 87 9.5 8.7 
EC 91 7.8 6.8 
HHVRC 22.9 22.1 
Panicle surface area (cm?) EC 87 18.1 17.1 
EC 91 16.2 15.4 
HIIVBC 19.8 19.2 
Panicle number per m2 EC 87 23.0 20.2 
E(' 91 47.3 41.5 
HHVBC 17.4 14.4 
Grain number per m2 EC 87 23.0 20.7 
EC 91 16.9 13.5 
HHVRC 19.6 16.4 
1000 grain weight (g) EC 87 14.7 14.0 
EC 91 11.5 10.6 
HHVBC 12.9 11.8 
Grain number per panicle EC 87 24.2 22.4 
EC 91 21.2 19.2 
HHVBC 17.0 14.6 
Grain yield per panicle (g) EC 87 24.6 22.9 
EC 91 19.8 18.0 
HHVBC 48.8 43.9 
Grain yield per rn2 (g) EC 87 18.3 15.7 
EC 91 16.4 13.2 
HHVBC 18.8 15.6 
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The expected genetic advance in per cent of mean. varied fmm 13.3% (panicle diameter) in 
EC 91 to 43.9% for the same Ualt in EC 87. Relatively lo\$ values of genetic dvance in per cent 
of mean were shown by panicle length. 1000 grain weight and grain yield per m! in h e  three 
composites. Cornparalively high expected genetic advance were ohxrved for panicle surface area. 
grain number per panicle and grain yield per panicle in the three p>pulatio~is. 
Correlations 
The genetic correlations between paniclc surface area and other units are presented in Table 
16. Panicle length, panicle diameter and grain yield per panicle showed highly significant and 
positive associations with panicle surface aren in the three composites. Grdin number per panicle. 
1000 grain weight and grain yield per rn: also showed significanl and positive association with 
panicle surface area whereas, panicle number per m! showed significant and negative association 
with panicle surface area in the three composites. Grain number per m' had no association with 
panicle surface area in EC 87 and HHVBC whereas, it showed signilicant and positive aysocintion 
with panicle surface area in EC 91. 
Genetic correlations among various other pain of the S, progeny traits are presented inlable 
17. Grain yield per m2 had significant positive association with panicle length, panicle diameter. 
grain number per m2, grain number per panicle and grain yield per panicle in the three composites. 
Grain number per rn2 showed significant and positive association with panicle number per 
m2 in EC 87 and HHVBC. 1000 grain weight showed significant negative association with grain 
number per m2 in the three composites while, it showed significant negative association with panicle 
number per ma in EC 87 and HHjVBC. 
Table 15. Heritability (H), genetic advance (GA) and genetic advance in per cent of mean 
(GA%) for nine traits among 144 S, progenies in three pearl millet composites avenged over 
two environments. 
Trait Comwsite H(%) G A GA(%) 
Panicle length (cm) EC 87 9 1 5.22 23.4 
EC 91 92 6.13 24.4 
HHVBC 95 7.38 27.0 
Panicle diameter (cm) EC 87 90 0.49 17.6 
EC 91 8 1 0.34 13.3 
HHVBC 93 1.46 43.9 
Panicle surface area (cm2) EC 87 89 64.9 33.0 
EC 91 90 60.9 30.0 
HHVBC 94 109.9 38.3 
Panicle number per m2 EC 87 77 6.79 36.5 
EC 91 77 4.12 28.7 
HHVBC 68 3.43 24.4 
Grain number per m2 EC 87 81 3063 38.4 
EC 91 63 7330 22.1 
HHVBC 70 8181 28.2 
1000 grain weight (g) EC 87 9 1 2.69 27.4 
EC 91 85 1.87 20.1 
HHVBC 84 2.19 22.2 
Grain number per panicle EC 87 86 854 43.9 
EC 91 82 719 35.9 
HHVBC 74 538 25.8 
Grain yield per panicle (g) EC 87 87 8.21 43.8 
EC 91 83 6.24 33.9 
HHVBC 8 1 6.21 30.5 
Grain yield per rn' (g) EC 87 73 89.3 27.5 
EC 91 65 67.5 21.9 
HHVBC 69 75.3 26.7 
Table 16. Genetic correlation coefiicients between panicle surface area and other S, progeny 
traits in 144 pogenies of EC 87, EC 91 and HHVBC pearl millet composites avenged over two 
environments. 
Panicle surface area with EC 87 EC 91 HHVBC 
Panicle length 0.88 0.89 0.92 
Panicle diameter 0.78 0.64 0.78 
Panicle number per m2 -0.57 -0.48 -0.48 
Grain number per m2 0.07 0.17' 0.04 
I000 grain weight 0.40 0.39 0.19 ' 
Grain number per panicle 0.49 ' 0.45 0.50 
Grain yield per panicle 0.74 ' 0.70 0.56 
Grain yield per m2 0.41 0.47 0.17 
- - 
Coefficients - - with an absolute value 0.15 or 0.20 aresignificant at P; 0.05 and 0.01, respectively. 
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Grain number per panicle had significant positive association with grain number per per m!. 
But it showed significant negative association with 1000 grain weight and panicle number per m2 
in the three composites. 
Table 17. Genetic correlation coefficients among panicle length (PNLN), panicle diameter 
(PNDA), panicle number per m2 (PNNM.'), g ~ h  numberber q ' (GNM' ), 1000 gnin 
weight (TGWT), grain number per pa~icle(GNPN'~), grain yield per panicle(GYPN") and 
grain yield perm' (GYM") in 144 St pogenies of three pearl millet composites avenged over 
two environments. 
Traits CompositePNDA PNNM" GNM" TGWT GNPN" GYPN" GYM'! 
PNLN EC 87 0.38 -0.42 0.19' 0.18' 0.49 0.59 0.37 
. EC 91 0.23 -0.41 0.21 0.23 0.44 0.61 0.40 
HHVBC 0.48 -0.38 0.07' 0.13' 0.42 0.45 0.15 
PNDA EC 87 -0.55 -0.10 0.54 0.32 0.65 0.3 1 
' 
EC91 -0.34 0.03 0.42 0.23 0.48 0.35 
" 
HHVBC -0.51 -0.03 0.25 0.46 0.57 0.15 
PNNM2 EC 87 
EC 91 
HHVBC 
GNM2 EC 87 
EC 91 
HHVBC 
TGWT EC87 
EC 91 
HHVBC 
GNPN" EC 87 
EC 91 
HHVBC 
GYPN-' EC 87 
EC 91 
HHVBC 
Coefficients with an absolute value 0.15 or 0.20 are significant at P = 0.05 and 0.01, respectively. 
RESULTS - PANICLE DATA 
The 24 experimental varieties of three composit es viz., EC 87, EC 91. and HHVBC were 
evaluated in Completely Randomized Block Design (CRBD) with four replications in 1 1  environ- 
ments at Hisar, Rohtak and ICNSAT-Patancheru during rainy season of 1996 and the summer and 
rainy seasons of 1997. The panicle traits studied in detail were length, diameter, surface area, grain 
number per cm2, 1000 grain weight (grain size), grain number and grain yield The detailed studies 
were based on sample of 10 primary panicles per plot. The results obtained are described below 
Analysis of Variance 
Mean squares among 24 experimental varieties revealed significant variability for panicle 
length, panicle diameter, panicle surface area, grain number per cmz and 1000 grain weight at all 
locations, grain number per panicle at three locations and grain yield per panicle at four locations 
in rainy season of 1996 (Table 18). Genotype effects were influenced by difference in populations 
for all traits except possibly grain number per panicle. Effect of selections were constantly 
significant for panicle length, panicle surface area, 1000 grain weight and grain yield per panicle. 
Population x selection effects were generally not significant for any of the panicle traits. 
Mean squares among 24 experimental varieties revealed significant variability for all traits 
in summa 1997 and except grain number per panicle at all locations in rainy season of 1997 (Table 
19). Genotype effects were influenced by difference in populations for all traits except possibly grain 
number per panicle. Effects of selection were c o ~ t l y  significant for panicle length, panicle 
\ 
J diameter, panicle surface area and grain yield per panicle. Population x selection effects were 
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generally not significant for any of the panicle trait. 
Pooled analysis of variance of 24 experimental varieties indicated highly significant mean 
squares due to genotype for all traits. All three source of variation in genotype (base population. 
selection and their interaction) were also significant for all the traits (Table 20). The population 
effects were much greater than the selection and population x selection effects for all the traits 
except grain number per panicle and grain yield per panicle. 
Interactions of genotype and environment was also significant for all the traits, with 
population x envlmnment mean squares again being greater than the selection x environment or 
population x selection x environment (Table 20). 
Pooled analysis of variance for individual population indicated highly significant mean 
squares due to environment and genotype for all traits and genotype x environment for panicle 
length, panicle surface area and 1000 grain weight in the three composites, grain number per panicle 
and grain yield per panicle in EC 87 and panicle diameter in EC 91 (Table 21). 
Mean performance (compoaites) 
A summary of mean, range, standard error and coefficient of variation for eight experimental 
varieties in each composite have been given in Table 22. 
The means of panicle wface area were s i i lar  in EC 87 and EC 91, but considerably smaller 
than that ofHHVBC. HHVBC qun has the greatest mean panicle length and panicle diameter, with 
EC 87 having a greater diameter but shorter length than EC 91. The means of grain numbw per cm2 
were similar in EC 87 and EC 91. EC 87 has the greatest mean 1000 grain weight and grain yield 
per panicle while, EC 91 has the maximum grain number per panicle. 

Table 21. Mean sqnares obtained from the analysis of variance in 11 environments for panicle length (PNLN), panicle diameter 
(PNDA), panicle snrface area (PNSA), grain number per cot' (GNCM-'), 1000 grain weight (TGWT), grain number per panicle 
(GNPN') and grain yield per panicle (GYPN1) in eight experimental varieties of three pearl millet composites. 
PNLN PNDA PNSA GNCMZ TGWT GNPN-I GYPN" 
Source d.f. Composite (cm) (cm) (cm2) (no) (g) (~10') (13) 
Envimnment 10 EC 87 70.30** I.%** 23302** 115.77** 81.97** 173.002* 36%.1** 
EC 91 103.05** 1.75** 26937** 110.78** 74.42" 193.002* 332.7" 
HHVBC 34.88** 3.07** 33395** 90.52** 100.96" 148.00** 3540.1** 
Replication in 33 EC 87 2.10 0.09 656 5.41 1.31 1.40 13.7 
environment EC 91 2.77 0.05 533 5.88 0.95 2.24 17.1 
HHVBC 2.59 0.06 723 5.73 1.21 1.61 23.4 
Genotype 7 EC87 100.49** 0.26** 13400** 21.72** 4.59'. 12.50** 194.7** 
(Selection) EC 91 121.64** 0.09** 9210** 8.51t 5.28** 9.66** 188.2** 
. - 
HHVBC 105.04" 0.29** 15323** 8.18** 8.43** 4.58** 139.4** 
Genotype x 70 EC 87 2.92** 0.02 385** 3.17 1.44* 2.09" 25.7** 
Environment EC 91 2.95** 0.03' 409** 4.53 0.89' 1.09 14.07 
HHVBC 3.77** 0.05 762** 2.86 1.91** 1.40 19.51 
Pooled error 231 EC 87 1.76 0.02 238 2.77 0.96 1.34 16.3 
EC 91 1.92 0.02 24 1 3.49 0.63 1.32 13.0 
HHVBC 2.32 0.04 599 2.14 0.89 1.43 16.4 
*, **: Significant at P = 0.05 and 0.01, respectively. 
Table 22. Mean, range, standard error (SE) and coefficient of variation (CV) for seven 
panicle traits for eight experimental varieties of three pearl millet composites averaged over 
11 environments. 
Trait Composite Mean Range SE(*) CV(%) 
Panicle length (cm) EC 87 23.4 20.6-25.6 0.66 5.7 
EC 91 25.6 22.6-27.8 0.69 5.4 
HHVBC 26.8 25.0-29.6 0.76 5.7 
Panicle diameter (cm) EC 87 2.49 2.36-2.60 0.07 5.8 
EC 91 2.32 2.24-2.39 0.07 5.9 
HHVBC 2.79 2.65-2.89 0.10 7.2 
Panicle surface area (cm2) EC 87 184.5 153.3-210.5 7.71 8.4 
EC 91 188.0 160.0-205.0 7.76 8.3 
HHVBC 236.4 21 1.3-264.2 12.23 10.0 
Grain number per cm"C 87 19.2 17.8-20.1 0.83 8.7 
EC 91 19.2 18.6-19.9 0.93 9.7 
HHVBC 16.2 15.4-16.7 0.73 9.0 
1000 grain weight (g) EC 87 10.7 10.3-10.8 0.48 9.2 
EC 91 9.9 9.50-10.3 0.39 8.1 
HHVBC 10.5 9.83-1 1.2 0.47 9.0 
Grain number per panicle EC 87 2769 2410-2906 184 13.2 
EC 91 2804 2514-2953 182 13.0 
HHVBC 2716 2600-2877 190 13.9 
Grain yield per panicle (g) EC 87 30.3 26.2-33.3 2.02 13.3 
EC 91 28.4 24.3-30.0 1.80 12.7 
HHVBC 29.2 26.6-32.3 2.02 13.9 
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The range in panicle surface area among the eight experimental varieties was good in each 
population. Ranges among experimental varieties in panicle productivity traits in the three 
composites was great for 1000 grain weight, grain number per panicle and grain yield per panicle 
Mean performance (experimental varieties) 
Mean performanoof 24 experimental varieties of three pearl millet composites are presen~ed 
in Table 23. The experimental variety PCVS has the greatest mean panicle surface area. 1000 grain 
weight and grain yield per panicle indicating that selection for large panicle surface area was 
effective for these traits in EC 87. The response to selection from PCVl with minimum panicle 
surface area to PCVS with maximum panicle surface area was 37% for panicle surface area (Fis 5 ) .  
In EC 91, PCVS has the maximum mean value for panicle surface area. The RNDV and 
PCVS were almost similar for grain number per panicle and grain yield per panicle The response 
to selection from PCVl to PCVS was 28% for panicle surface area (Fig. 6). 
PCVS showed maximum mean values for panicle surface area, 1000 grain weight and grain 
yield per panicle in HHVBC while, BRDV has the maximum mean values for grain number per 
panicle. The response to selection from PCVl to PCVS was 23% for panicle surface area (Fig. 7). 
Genetic variation 
The phenotypic coefficient of -tion (PCV) and genetic coefficient of variation (GCV) are 
shown in Table 24. Estimates of PCV and GCV revealed that panicle surface area had the highest 
PCV and GCV whereas, panicle diameter and grain number per cm2 had the lowest PCV and GCV 
followed by grain number per cm2 and 1000 grain weight 
Tabk 23. Mean performance of 24 experimental varieties of three pearl millet composites for seven panicle traits averaged over 11 
environments. 
Experimental PNLN PNDA PNSA GNCM" TGWT GNPN-' GYPN-' 
Source variety (cm) (cm) (cm2) (no) (9) (no) (9) 
EC 87 PCVl 
PCV2 
PCV3 
PCV4 
PCV5 
RNDV 
BRDV 
ORIG 
SE 
PCV l 
PCV2 
PCV3 
PCV4 
PCV5 
RNDV 
BRDV 
ORlG 
SE 
HHVBC PCV l 25.0 2.72 215.2 16.5 9.8 2636 26.6 
PCV2 25.2 2.65 211.3 16.7 10.1 2600 27.2 
PCV3 26.5 2.76 230.2 16.0 10.4 2674 28.8 
PCV4 28.1 2.85 252.7 16.0 10.8 2745 30.4 
PCV5 29.6 2.83 264.2 15.4 11.2 2837 32.3 
RNDV 26.1 2.78 229.0 16.5 10.4 274 1 29.1 
BRDV 27.6 2.89 25 1.4 16.4 10.1 2877 29.9 
ORIG 26.2 2.87 237.3 16.3 10.7 2620 28.9 
SE 0.76 0.10 12.23 0.73 0.47 190 2.02 



Table 24. Phenotypic coefficient of variation (PCV) and genetic coelficient of variation (CCV) 
for seven panicle traits among eight experimental varieties in three pearl millet composites 
averaged over 11 environments. 
Trait Composite PCV(%) GCV(%) 
Panicle length (cm) EC 87 6.46 6.34 
EC 91 6.51 6.41 
HHVBC 5.77 5.66 
Panicle diameter (cm) EC 87 3.13 3.1 1 
EC 91 1.49 1.36 
HHVBC 3.34 2.53 
Panicle surface area (cm2) EC 87 9.46 9.32 
EC 91 7.72 7.52 
HHVBC 7.89 7.69 
Grain number per cm2 EC 87 3.65 3.38 
EC 91 2.27 1.56 
HHVBC 2.61 2.13 
1000 grain weight (g) EC 87 2.96 2.47 
EC 91 2.68 2.26 
HHVBC 4.17 3.70 
Grain number per panicle EC 87 6.60 6.01 
EC 91 5.21 4.98 
HHVBC 3.77 3.13 
Grain yield per panicle (g) EC 87 6.93 6.46 
EC 91 7.31 7.01 
HHVBC 6.10 5.67 
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Heritability and Genetic advance 
Estimates of heritab ility and genetic advance are given in Table 25 Heritability estimate 
ranged from 47% for grain number per cm2 to 97% for panicle length and panicle surface area High 
heritability estimates were also observed for grain yield per panicle in the experimental varieties of 
three composites. Relatively low estimates were found for grain number per cm2 and 1000 grain 
weight in the three composites. 
The expected genetic advance in per cent of mean, varied from 2 19% for grain number per 
cm2 to 18.9% for panicle surface area. Relatively low values were shown by panicle diameter, grain 
number per cm2and 1000 grain weight in the three composites. Comparatively high expected genetic 
advance were observed for panicle length, panicle surface area and grain yield per panicle in the 
three composite varieties. 
Correlations 
Thegenetic correlations between panicle surface iuea and other panicle traits are presented 
in Table 26. Panicle surface area was positively correlated with grain number per panicle, 1000 
grain weight (grain size) and grain yield per panicle in the three composites (Figs. 8,9 and 10) 
whereas, panicle surface area showed significant and negative association with grain number per cm2 
in the three composites. 
Grain yield per panicle had highly significant and positive association with grain number 
per panicle in the three composites (Table 27). Grain number per cm2 showed highly significant and 
negative association with grain yield per panicle )while, 1000 grain weight showed highly signi- 
ficant and positive association with grain yield per panicle in EC 91 and HHVBC. 
Table 25. Heritability (H), genetic advance (CA), and genetic advance in per cent of mean 
(GA%) for seven panicle traits among eight experimental varieties in three pearl millet 
compositea avenged over 11 environments. 
Trait Composite H(%) G A GA(%) 
Panicle length (cm) EC 87 97 3.02 12.9 
EC 91 97 3.34 13.0 
HHVBC 96 3.07 11.4 
Panicle diameter (cm) EC 87 94 0.15 6.00 
EC 91 68 0.06 2.58 
HHVBC 82 0.04 4.90 
Panicle surface area (cm2) EC 87 97 34.9 18.9 
EC 91 95 28.4 15.1 
HHVBC 95 36.5 15.4 
Grain number per cm2 EC 87 85 1.24 6.47 
EC 91 47 0.42 2.19 
HHVBC 65 0.58 3.57 
1000 grain weight (g) EC 87 69 0.46 4.30 
EC 91 73 0.41 4.15 
HHVBC 77 0.70 6.69 
Grain number per panicle EC 87 83 389 10.5 
EC 91 89 270 9.66 
HHVBC 69 146 5.38 
Grain yield per panicle (g) EC 87 87 3.76 12.4 
EC 91 92 3.94 13.8 
HHVBC 86 3.15 10.8 
Table 26. Genetic correlation coefIicients between panicle surface area and other panicle traits 
in eight experimental varieties of EC 87, EC91 and HHVBC pearl millet composites averaged 
over 11 environments. 
Panicle surface area with EC 87 EC 91 HHVBC 
Panicle length 0.99 0.98 0.97 
Panicle diameter 0.98 0.74 0.85 
Grain number per cm2 -0.81 -0.88 -0.88 
1000 grain weight 0.54 0.79 0.83 
Grain number per panicle 0.82 0.97 0.95 
Grain yield per panicle 0.99 0.97 1 .OO 
--- 
Coefficients with ~ b s o l ~  va ue 0.70or 0.83 are significant at P = 0.05 and 0.01, r&pecti61y. 
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Table 27. Genetic correlation coefficients among panicle length (PNLN), panicle diameter 
(PNDA), grain number per em' (GNCW), 1000 grain weight (TGWT), grain number per 
panicle (GNPN") and grain yield per panicle(GYPN") in eight experimental varieties of three 
pearl millet composites averaged over I I environments. 
Traits Composite PNDA G N C M  TGWT GNPN" GYPN" 
PNLN , EC 87 0.96 -0.78 0.5 1 0.83 0.99 
EC 91 0.60 -0.76 0.71 0.91 0.90 
' HHVBC 0.71 -0.98 0.87 0.95 1 .OO 
PNDA i. EC 87 
, EC91 
HHVBC 
GNCW2 EC 87 
EC 91 
HHVBC 
TGWT EC87 
.' EC91 
y. HHVBC 
GNPN' EC 87 
EC 91 
HHVBC 
Coefficients with an absolute value 0.70 or 0.83 are signiticant at P = 0.05 and 0.01, respectively. 
RESULTS - PLOT DATA 
- - - -- - -. - - - 
The 24 experimental varieties of three composites vlz.. EC 87. EC 91 and HHVBC Herr. 
evaluated In Completely Randomized Block Des~gn (CRBD) w~th  four replications In I I envimn- 
ments at Hisar, Rohtak and ICRISAT-Patancheru dunng rainy season of 1996 and the summer and 
ralny seasons of 1997. The traits studied were panlcle number per m2, gram number per m!. 1000 
grain weight (grain size), grain number per panicle, grain y~eld per panicle. grain yield per m .  days 
to 50% flowering, plant height and fodder yield per rn2 The results obtalned are described bclow 
Analysis of variance 
Mean squares among 24 experimental varieties revealed significant differences for panicle 
number per m2, grain yield per mZ and days to 50% flowering at all locations, grain yield per panicle 
and plant height at four locations, 1000 grain weight and fodder yield per m2 at three locations and 
grain number per m2 and grain number per panicle at two locations during rainy season of 1996 
(Table 28). Genotype effects were influenced by differences in populations for panicle number per 
m2, grain yield per m2, days to 50% flowering and plant height at all locations, fodder yield per m2 
at four locations, grain number per m2, 1000 grain weight and grain yield per panicle at three 
locations. Effect of selections were constantly significant for panicle number per m2 and grain yield 
per m2. Population x selection effects were generally not significant for any of the traits. 
Mean squares among 24 experimental varieties revealed significant differences for days to 
50% flowering at all locations, panicle number per m2, grain yield per m2 and plant height at five 
locations, grain number per m2, 1000 grain weight, grain number per panicle and grain yield per 
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panicle at four locations and fodder yield per m2 at three locations during summer and rainy seasons 
of 1997 (Table 29). Genotype effects were influenced by differences in populations for panicle 
number per m2, days to 50% flowering and plant height. Effect of selections were significant for 
panicle number per m2, grain yield per panicle, grain yield per ?n and days to 50% flowering. 
Population x selection effects were generally not significant for all traits except days to 50% 
flowering. 
Pooled analysis of variance for 24 experimental varieties indicated highly significant mean 
squares due to genotype for all traits. All three source of variation in genotype effect (base 
population, selection and their interaction) were also significant for all the traits (l'able 30). 
Interaction of genotype and environment were significant for all traits. Population x environment, 
selection x environment and population x selection x environment were also significant for all the 
traits except plant height. 
Pooled analysis of variance for individual population indicated highly significant mean 
squares due to environment for all traits. Differences among experimental varieties in the three 
populations were also significant for all traits except panicle number per rn2 and grain number per 
m2 in HHVBC and fodder yield per ni in EC 87 (Table 31). Genotype x environment was also 
significant for most of the traits. 
Mean performance (composites) 
A summary of mean, range, standard e m  and coefficient of variation for eight experimental 
in each composite have been given in Table 32. 
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EC 87 has the greatest mean 1000 grain weight and grain yield per m' whereas. EC 91 has 
the maximum mean panicle number per m2. grain number per m ,  plant height and fodder yield per 
ml. Composite HHVBC has maximum grain number per panicle and grain yield per panicle. 
HHVBC was also found to be later flowering by five days than other composites and had shortest 
plant height. 
The range in grain yield per m2 among the eight experimental varieties was good in each 
composite. In EC 91 the variation for grain number per panicle, grain number per m? and grain 
yield per panicle was maximum. The range in developmental traits days to 50% flowering, plant 
height and fodder yield per m2 were almost similar in EC 87 and EC 91. 
Mean pel-formance (experimental varieties) 
Mean performance of 24 experimental varieties of three composites are presented in Tablc 
33. In EC 87, PCVS variety has maximum mean values for 1000 grain weight, grain yield per 
panicle and grain yield per m2 while, BRDV has maximum grain number per panicle and days to 
50% flowering. The response to selection from PCVl (with minimum panicle surface area) to PCVS 
(with maximum panicle surface area) was 18% for grain yield per m2. 
PCVS showed maximum mean values for grain yield per panicle, grain yield per m2, grain 
number per panicle, grain number per m2 and plant height whereas, RNDV and BRDV has 
maximum panicle number per m2, days to 50% flowering and fodder yield per m1 . The response to 
selection from PCVl to PCVS was 10% for grain yield per m2 in EC 91. 
Table 32. Mean, range, standard error (SE) and coefficient of variation (CV) for nine plot 
traits for eight experimental varieties of three pearl millet composites averaged over I I 
environments. 
Trait Cornnosite Mean Ranee SElt) CVf%\ 
Panicle number per m2 EC 87 13.7 12.7-14.9 0.85 12.5 
EC 91 13.8 12.7-15.3 0.86 12.5 
HHVBC 12.3 11.9-12.7 0.70 11.4 
Grain number per mZ EC87 28799 27237-30422 2210 15.3 
EC 91 29236 27533-31892 2173 14.9 
HHVBC 26467 25391-27894 2362 17.8 
1000 grain weight (g) EC 87 9.47 9.17-9.89 0.44 9.4 
EC 91 8.91 8.50-9.43 0.41 9.4 
HHVBC 9.30 8.96-9.80 0.52 11.3 
Grain number per panicle EC 87 2130 1881 -2285 164 15.5 
EC 91 2148 1967-2442 175 16.3 
HHVBC 2178 2027-2292 198 18.2 
Grain yield per panicle (g) EC 87 20.0 17.1-21.7 1.36 13.6 
EC 91 19.1 16.7-21.3 1.29 13.6 
HHVBC 20.2 18.8-21.8 1.38 13.7 
Grain yield per m2 (g) EC 87 269.1 247.0-292.1 15.1 11.2 
EC 91 257.7 242.4-275.0 17.2 13.4 
HHVBC 241.7 226.9-259.4 15.7 13.0 
Days to 50% flowering EC 87 46.6 43.3-47.3 0.62 2.7 
EC 91 46.8 46.2-47.6 0.55 2.4 
HHVBC 51.8 51.3-53.5 0.74 2.9 
Plant height (cm) EC 87 210.1 203.6-217.0 6.61 6.3 
EC 91 215.2 21 1.8-219.8 5.79 5.4 
HHVBC 144.1 139.0-152.5 6.02 8.4 
Fodder yield per m2 (g) EC 87 465.7 442.3-487.6 37.6 16.2 
EC 91 466.4 429.3-495.6 37.5 16.1 
HHVBC 434.8 405.6-488.8 35.5 16.3 
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The experimental variety PCV5 has the greatest mean grain number per m2. 1000 grain 
weight, grain yield per panicle and grain yield perm? while. BRDV showed maxin~um grain number 
per panicle, days to 50% flowering, plant height and fodder yield per m2 in HHVRC. The response 
to selection from PCVl to PCV5 was 14% for grain yield perm?. 
Genetic variation 
The phenotypic coefficient of variation (PCV) and genetic coeflicient of variation (CiCV) 
are given in Table 34. 
Estimates of phenotypic coefficient of variation and genetic coefficient of variation indicated 
that the PCV was generally higher than GCV for most of the traits. The lowest values (PCV and 
GCV) were shown by the developmental traits, days to 50% flowering and plant height in the three 
composites and the highest values were shown by grain yield per panicle in EC 87 followed by the 
same trait in EC 91, panicle number per m2 and grain number per panicle in EC 91. 
Heritability and Genetic advance 
The estimates of heritability and genetic advance (%) for nine traits in three pearl millet 
composites are presented in Table 35. 
The heritability estimate ranged from 7% for fodder yield per m2 (EC 87) to 89% for grain 
yield per panicle in the same composite. High heritability estimates were also observed for days to 
50% flowering and plant height in the varieties of three composites, panicle number per m2 and grain 
number per panicle in EC 87 and EC 91. Very low estimate of heritability was shown by grain 
number per panicle in HHVBC. 
Table 34. Phenotypic coefficient of variation (PCV) and genetic coelficient of variation (CCV) 
for nine plot tmib among eight experimental varic& in t b m  pearl millet composites 
averaged over 11  environments. 
Trait Composite PCV(%) GCV(%) 
Panicle number per m2 EC 87 5.25 4.43 
EC 91 6.68 6.21 
HHVBC 2.29 
Grain number per m2 EC 87 4.53 3.29 
EC 91 5.01 4.01 
HHVBC 3.20 
1000 grain weight (g) EC 87 2.79 2.1 1 
EC 91 3.36 2.97 
HHVBC 3.04 2.15 
Grain number per panicle EC 87 6.75 5.97 
EC 91 6.69 6.05 
HHVBC 4.00 2.01 
Grain yield per panicle (g) EC 87 7.74 7.31 
EC 91 7.30 6.77 
HHVBC 5.15 4.53 
Grain yield per m2 (g) EC 87 5.10 4.49 
EC 91 3.84 2.91 
HHVBC 4.21 3.58 
Days to 50% flowering EC 87 1.45 1.37 
EC 91 1.07 1 .OO 
HHVBC 1.35 1.17 
Plant height (cm) EC 87 1.93 1.70 
EC 91 1.44 1.20 
HHVBC 2.90 2.69 
Fodder yield per m2 (g) EC 87 3.00 0.78 
EC 91 4.80 3.66 
HHVBC 5.75 4.79 
Table 35. Heritability (H), genetic advance (GA) and genetic advance in per cent of mean 
(GA%)for nine plot traibr a mong eight experimental varieties in three pearl millet composites 
avenged over 11 environments. 
Trait Composite H(%) G A GA(%) 
Panicle number per m2 EC 87 7 1 1.06 7.71 
EC 91 8 1 1.60 11.54 
HHVBC 
Grain number per m2 EC 87 52 1415 4.91 
EC 91 64 1993 6.82 
HHVBC 
I000 grain weight (g) EC 87 56 0.3 1 3.24 
EC 91 78 0.48 5.39 
HHVBC 50 0.29 3.12 
Grain number per panicle EC 87 78 232 10.9 
EC 91 82 242 11.3 
HHVBC 25 45 2.1 
Grain yield per panicle (g) EC 87 89 2.86 14.3 
EC 91 86 2.48 13.0 
HHVBC 77 1.65 8.2 
Grain yield per m2 (g) EC 87 77 21.9 8.15 
EC 91 57 11.6 4.53 
HHVBC 72 15.1 6.27 
Days to 50% flowering EC 87 88 1.23 2.64 
EC 91 88 0.91 1.94 
HHVBC 75 1.09 2.10 
Plant height (cm) EC 87 77 6.44 3.07 
EC 91 69 4.41 2.05 
HHVBC 86 7.41 5.13 
Fodder yield per m2 (g) EC 87 7 2.0 0.42 
EC 91 56 26.3 5.65 
HHVBC 69 35.8 8.24 
Table 36.Genetic correlation coeliicientr behvten panicle surface area and other plot traits 
in eight experimental varieties of EC 87, EC 91 and HHVBC of pearl millet rom&sites in 
11 envirovments. 
Panicle surface area with EC 87 EC 91 HHVBC 
Panicle number perm? -0.74 -0.90 .0.70 
Grain number perm? 0.89 -0.13 1 .OO 
1000 grain weight 0.69 0.74 0.59 
Grain number per panicle 0.88 0.83 1 .OO 
Grain yield per m2 0.89 0.38 0.93 
Days to 50% flowering 0.93 0.71 0.29 
Plant height 1 .OO 0.99 0.20 
Fodder yield per m2 1 .OO 0.51 0.50 
Coefficients with an absolute value 0.70 or 0.83 are significant at P = 0.05 and 0.01, respectively. 
Table 37. Genetic correlation coefficients among panicle number per mz (PNNM2), grain 
number per mz(GNM'?, 1000 grain weight (TGWT), grain number per panicle(CNPN"), 
grain yield perpanicle (GYPN"), days to 50% flowering (DAFL), plant height (PLHT), fodder 
yield per m2(FYM") and grain yield per mz(GYM") in eight experimental varieties of three 
pearl millet composites averaged over 11 environment 
Traits Composite G N M 2  TGWT GNPN" GYPN'  DAFL PLHT FYM.? GYM.? 
PNNM-' 
GNM" 
TGWT 
GNPN" 
GYPN-' 
DAFL 
PLHT 
FYM" 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
EC 87 
EC 91 
HHVBC 
Coefficients with an absolute value 0.70 or 0.83 arc significant at P = 0.05 and 0.01, respectively. 
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Grain yield per panicle showed highly significant and positive association with grain number 
per panicle in EC 87 and HHVBC, 1000 grain weight and grain number per m2 in HHVBC. Panicle 
number per m5howed significant and negative association with grain yield per panicle in the three 
composites. 
DISCUSSION S, PROGENY 
- - - 
For bringing desired improvement in the crop plants, the first pre-requisite is the genet~c 
variability with which a plant breeder has to work. Broad spectrum of variability in the in~tial 
breeding material ensures better chances of producing new desired forms of crop plant (Vavilob. 
1951). With the available genetic variability, the crop breeder has to make profitable selection of 
new strains to be used as such or as parents in the hybridization programme. 
Yield per se or any other trait of the plant is the result of various components. Each 
component in turn behaves genetically m its own way (Grafius, 1959). These complexities lead lo 
breeders to obtain basic information on the inheritance pattern of each tralt. 
In the present study, 144 S,  progenies of EC 87, EC 91 and HHVBC were evaluated in two 
years for nine traits viz., panicle length, panicle d~arneter, panicle surface area, panicle number per 
m2, grain number per ml, 1000 grain weight, grain number per panicle, grain y~eld per panlcle and 
grain yield per m2 to obtain information on genetic variability, heritability, expected genetic advance 
and genetic correlations for these traits. The results obtained are discussed here in the light of the 
available literature. 
Significant variation was observed for all the traits in the three composites indicating that 
there was enough genetic variability present in the material under investigation, despite the 
deliberate selection on the basis of panicle surface area for choosing the S, progenies. The grain yield 
per panicle, grain number per panicle, panicle surface area, grain number per m2 area and grain yield 
per m2 possessed high PCV and GCV, offering ample scope for improvement through selection. 
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High GCV for gmn yield per panicle and slight diffrence between PCV and GCV indicated a small 
influence of environment on the expression of this trait. Pokhnyal el al. (1967) also reported the 
same result for grain yield per panicle in pearl millet. 
The estimates of GCV alone may not be adequate for selection and hence heritability 
estimates and genetic advance in per cent of mean should also be considered (Johnson et al., 1953. 
Knowledge of heritability and possible genetic gain have been of importance in breeding 
programmes. The estimates of heritability are very useful in predicting the reliance on seleclion 
procedure. Heritability estimates would indicate the heritable portion of phenotypic variance, 
whereas, the estimation of genetic advnqce would show the extent of genetic gain that would be 
achieved by selection. 
Panicle surface area had high heritability which indicated that selection for this trait would 
be effective. Similar result was reported by Rattunde et al. (1989) for panicle surface arca. 
Heritability estimate was also high for grain yield per panicle. This is in agreement with the results 
reported by Mahadevappa and Ponnaiya (1967). Grain number per panicle also showed high 
heritability. In contrary, moderate heritability was reported by Diz and Schank (1995) for this trail 
in pearl millet. 
High heritability estimates have been reported by other researchers for 1000 grain weight 
(Burton, 1951 ; Kunjir and Patil, 1986; Pathak and Ahmad, 1988; Dass, 1989 ), grain number per 
m' (Gopinath, 1980; Kukadia and Patel, 1982, Vyas and Srikant, 1984; Aryana el al., 1996), panicle 
number (Gupta and Athwal, 1966; Lal and Singh, 1970; Singh et al., 1978; Kunjir and Patil, 1986). 
grain yield (Jindla, 1981; Mukherji et a1.,1982; Navale et al., 1991 ; Bhamrc and Harinarayana, 1992a; 
Saraswathi et a]., 1995) , panicle length and diameter 
80 
( Pokhriyal et al., 1967; Sangha and Singh 1973; Nanda and Phul 1974: Reddy and Sharma 1982. 
and Ghorpade and Metta 1993) in pearl millet. 
High heritability estimates for all traits in the present study, may be due to high genetic 
variability present in the base material and this would br true only for surface area. The fact that 
both test environments were similar and the expression of the traits were less influenced by the 
environmental effects. 
In the present study, high genetic advance in per cent of mean was recorded for grain number 
per panicle followed by grain yield per panicle and panicle surface area. High heritability 
accompanied by high genetic advance for grain number per panicle. grain yield per panicle and 
panicle surface area suggested that these traits might be governed by additive gene action and 
improvement with respect to these traits could be brought about by phenotypic selection. 
The inter-relationships between different traits also helps plant breeder to better plan the 
improvement improving of productive traits. Fconomic yield of a crop plant, as such, is not unitary 
trait but only a consequence of the combined contribution of its components. As the final yield being 
the function of various components and interactions among them, the breeding of component 
attributes should be the basic philosophy to improve yield. 
From the correlation coefficients, it was observed that panicle surface area was positively 
correlated with all traits except panicle number. Mahadevappa and Ponnaiya (1967) also observed 
positive correlation between panicle surface area and grain yield per panicle. Singh and Ahluwalia 
(1970) and Bidinger et al. (1993) reported positive correlation between panicle surface area and 
1000 grain weight in pearl millet. 
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Panicle surface area however, was negatively correlated to panicle number per ml. This 
negative correlation offset a pan of the positive effect of the grain size . in individual panicle 
productivity on grain yield. Due to this reason the genetic correlation between panicle surface area 
and grain yield per panicle was greater than the correlation between panicle surface area and grain 
yield per m2. The correlation between panicle surface area and grain yield per rd is in agreement 
with the results reported by Mahadevappa and Ponnaiya (1967) and Bidinger et al. (1993). Results 
obtained here suggest that selection for large panicle surface area needs be combined with selection 
for higher tiller number to be effective in increasing yield. 
The correlation coefficients among traits indicated that grain yield per ma exhibited 
significant positive correlations with most of the traits. The positive correlations of grain number 
per m2, grain number per panicle and 1000 grain weight with grain yield per m2 indicated that all of 
these traits contributed to grain yield in the set of S,,s 
The results of positive association between 1000 grain weight and grain yield per m2 is in 
agreement with Shankar et al. (1963), Gupta and Dhillon (1974), Sachdeva et al. (1982), 
Singh and Govila (1989) and Diz and Schank (1995). Grain number per unit area was 
positively correlated with grain yield per m2 in the study reported by Navale et al. (1995). 
Mahadevappa and Ponnaiya (1967) and Diz et al. (1994) also observed positive association 
of grain yield per m2 with grain number per panicle. Maximum contribution towards yield at 
genotypic level was by grain number per m2 followed by grain number per panicle, panicle 
surface area and 1000 grain weight suggesting that selection pressure applied for increasing these 
traits will eventually increase yield. 
DISCUSSION - PANICLE DATA 
From the evaluation of S, progeny of three composites we concluded that i) there was 
sufficient genetic variability for panicle surface area ii) the heritability of panicle surface area was 
high and iii) panicle surface area was genetically correlated to panicle grain yield and its 
components. 
In the present study, 24 experimental varieties of three composites were evaluated in I I 
environments at three locations for seven main shoot panicle traits viz., panicle length. panicle 
diameter, panicle surface area, grain number per cm2, 1000 grain weight (grain size), grain number 
per panicle and grain yield per panicle to obtain information regarding realized genetic gain on the 
basis of selection for panicle surface area, and the effect of variation in panicle surface area on 
grain number, grain size and grain yield per panicle in pearl millet. 
Significant variation among genotypes was observed for all panicle traits. Effects due to base 
population, selection and population x selection interaction within the genotype source of variation 
were also significant. Population was the main source of variation for panicle diameter, panicle 
surface area, grain number per cmZ and grain size among the experimental varieties, accounting for 
53 to 90% of the variation in genotype sum of squares (SS) in the analysis of variance (Table 20). 
In contrast, the selection was the most important determinant of genotype differences in panicle 
length (SO%SS), in grain number per panicle (66%SS) and in grain yield per panicle (73%SS). The 
effect of population x selection interaction was lesser in magnitude as compare to effects due to 
population and selection on all traits (3.27%). 
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The significant interaction of population x selection suggested that the selection for panicle 
surface area was not consistent across the populations and it has been changed from one population 
to another. The response to selection in PCVS (with maximum panicle surface area) over PCVl 
(with minimum panicle surface area) varied from 23-37% for panicle surface area, 8-19% for grain 
number per panicle, 4.14% for grain size and 21-26% for grain yield per panicle in the three 
composites.. 
Breeder selection was effective in improving grain yield per panicle and grain number per 
panicle over the original population by 2% and 5%. respectively across the populations while, it was 
ineffective in increasing grain size in any of the three populations The selection for increased 
panicle surface area i.e. PCVS was more effective over breeder selection for panicle surface area. 
grain siie and grain yield per panicle in all the three populations. For gain number per panicle PCVS 
was effective in EC 87 and EC 91 whereas,breeder selection was effective in HHVBC only. There 
was not so much difference in random check and original population for all traits in the three 
populations. 
Comparison of experimental variety PCVS (with maximum panicle surface area) with 
original population indicated that the experimental variety PCVS has the maximum mean values 
for panicle length and panicle surface area in all the three populations and for panicle diameter in 
EC 87 only. The actual gain in PCVS over the original was 17,8 and 11% for panicle surface area 
and 11,7, and 13% for panicle length in EC 87, EC91 and HHVBC, respectively whereas, the gain 
in panicle diameter was 4 % in EC 87 only. This indicated that the variation in panicle surface area 
was only due to variation in panicle length in EC 91 and HHVBC while, the variation in panicle 
surface area in EC 87 was due to both panicle length and diameter but former being the major 
component. The differences among composites were due to large variation in length and diameter 
of panicle, both of which components were genetically correlated with panicle surface area. 
The actual gain (PCV5 over original population) in panicle grain yield and its components 
and estimated gain from indirect selection for panicle surface area in S, progeny for the same traits 
are given in Table 38. 
Table 38. Estimated and actual gains in grain yield per panicle and its components. 
- 
Trait 
Estimated Actual gain 
Com~osite gain (%) (%) 
Grain yield per panicle EC 87 33.6 14.0 
EC 91 24.7 3.1 
HHVBC 49.0 11.8 
Grain number per panicle EC 87 21.4 9.3 
EC 91 16.9 2.5 
HHVBC 14.6 8.3 
1000 grain wt (Grain size) EC 87 10.8 4.6 
EC 91 18.1 1 0  
m c  4.4 4.7 
This table shows that the actual gain in grain yield per panicle and its components was less 
in EX 91 as compared to EC 87 and HHVBC. These two gains were different because estimated gain 
depends upon heritability, phenotypic variation and selection intensity. Here, the actual gain depen- 
ds upon selection of panicle surface area which in turn depends upon its two components i.e. 
panicle length and diameter. In EC 91 actual gain was less because the gain in PCV5 over the 
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ori@ population for panicle length was lesser as compared to EC 87 and HHVBC, and also there 
was no gain in panicle diameter in this composite. The actual gain is still good of considerable 
magnitude for grain yield per panicle in EC 91. Because panicle length is easy to measure in a 
number of progeny rows and it does not require much resources. 
Grain yield in crop plants is the ultimate complex expression of interactions between a 
number of contributory traits as are governed by gene action and are also subject to effects of 
environment and genotype x environment interaction. The knowledge of the degree of association 
ofyield with different yield components and inter-relationship between them is of great importance 
for making effective selections. Genetic correlations are useful as they give real associations after 
excluding the environmental effects. 
In general, genetic correlations were higher than phenotypic correlations and this points to 
the efficiency of genotypic estimates. Such findings were also reported by Weber and Moorthy 
(1952), Johnson et al. (1955b), Anand and Torrie (1963), Tyagi (1965) and Badwal(1965). 
Panicle surface area was positively correlated with grain number per panicle, grain size and 
grain yield per panicle among experimental varieties in the three populations (Figs.8,9 and 10 ). For 
example, an increase of 29% in panicle surface area resulted in a corresponding increase of 15% in 
grain number per panicle, 8% in grain size and 23% in grain yield per panicle across three 
populations. Positive correlation of panicle surface area and grain size has been reported earlier 
( S i  and Ahluwalia, 1970; Bidinger et al., 1993). The positive correlation between panicle surface 
area and grain yield per panicle is in agreement with the results reported by Mahadevappa and 
Ponnaiya (1967). 
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Greater panicle surface area often associated with a looser arrangement of spikelets at the 
surface of the panicle which may allow more space for grain growth. Grain growth in pearl millet 
major affected by the space available for grain expansion, as an increase in grain number per unit 
panicle surface area has been reported to be associated wit decrease in grain size (Alagarswamy and 
Bidinger, 1985). In the present study higher panicle surface area increased grain number per 
panicle without decreasing grain size, because it did not increase the packing of grains on the 
panicle surface. Genetically, both grain number per panicle and grain size were positively correlated 
to grain yield per panicle. The positive association of grain number per panicle and grain size with 
grain yield per panicle has been reported previously (Diz et al., 1994; Diz and Schank, 1995) Hence, 
selection for increased panicle surface area was effective in increasin~ grain yield per panicle as it 
simultaneously increased grain number per panicle and grain size. 
DISCUSSION - PLOT DATA 
From the evaluation of S, progeny of three composites we concluded that i) there was 
sufficient genetic variability for plot traits ii) the heritability of plot traits was high and iii) panicle 
surface area was genetically correlated to grain yield per m2 and its components. 
In the present study, 24 experimental varieties of three composites were evaluated in I I 
environments at three locations for nine plot traits viz., panicle number per m2, grain number per 
m2, IOOOgrain weight (grain size), grain number per panicle, grain yield per panicle. grain yield per 
m2, days to 50% flowering, plant height and fodder yield per d to obtain information regarding 
r e a h d  genetic gain in grain yield per m2 on the basis of selection for panicle surface area, and the 
effect of variation in panicle surface area on grain number per m2, grain size and grain yield per m2 
in pearl millet. 
Significant variation among genotypes was observed for all plot traits. Effects due to base 
population, selection and population x selection interaction within the genotype source of variation 
were also significant for all the traits. Population was the main source of variation for days to 50% 
flowering, plant height, panicle number per m2, grain number per d, grain yield per d and 1000 
grain weight among the experimental varieties, accounting for 44% to 99% of the variation in 
genotype sum of squares (SS) in the analysis of variance (Table 30). In contrast, selection was the 
most important determinant of genotype differences in fodder yield per m2 (41% SS), in grain 
number per panicle (59% SS) and in grain yield per panicle (73% SS). The effect of population x 
selection interaction was lesser in magnitude as compare to effects due to population and selection 
on most ofthe traits (1%-39?/o).The significant interaction of population x selection suggested that 
the effects of selection for panicle surface area were not consistent across the populations. 
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The response to selection in PCVS (with maximum panicle surface area) over PCVl (with 
minimum panicle surface area) ranged from 4% to1 1% for grain number per per ml, 3% to 9% for 
grain size and 10% to 18% for grain yield per m' in the three composites. Breeder selection was 
effective in improving grain yield per m2 over the original population by 3% in EC 91 while, it was 
ineffective in EC 87 and HHVBC for the same trait. Breeder selection was also effective in 
improving grain number per m2 by an average of 4% across the populations. There was no change 
in grain size due to breeder selection in any of the three populations. The selection for increased 
panicle surface area i.e. PCVS was more effective than breeder selection for grain yield per mz in 
all three populations and for grain number per m2 in EC 87 and EC 91 Breeder selection was more 
effective than PCV5 for grain number per m' in HHVBC. There was not so much difference in 
random check and original population for most of the traits in the three populations. Hence, there 
was no effect of making the S,,sper se or a random-mated random sample did not differ from the 
original population. 
The actual gain in PCVS over original population in grain yield per m2 and its components 
and estimated gain from indirect selection for panicle surface area in S, progeny for the same traits 
are given in Table 39. 
It is clear from the table that actual gain on the basis of panicle surface area was more 
effective (3 times) in increasing grain number per m2 than predicted gain, but much less effective 
(4 times) in increasing grain size than predicted gain. The net effect increase in grain yield per m2 
was almost similar to the prediction (+8.7% vs prediction of 10%). 
Table 39. Estimated and actual gains in grain yidd perm' and ita component:. 
Estimated Actual vain 
- 
Trait Composite gain (%) (%) 
Grain number per m2 EC 87 2 8 9.2 
EC 91 4.5 14 0 
HHVBC 1.3 2.8 
1000 grain wt (Grain size) EC 87 10.8 1.4 
EC 91 18.1 4.1 
HHVBC 4.4 2 1 
Grain yield per m2 EC 87 12.5 9.6 
EC 91 12.2 9.9 
HHVBC 5.3 6.5 
Panicle surface area was highly genetically correlated to grain yield per m2 in EC 87 and EC 
91 (S, data). That was the reason the predicted gain in grain yield per m2 was more in EC 87 and 
EC 91 than HHVBC. 
The actual gain is still good of considerable magnitude for grain yield and it was more than 
the realized gain for grain yield (4%) per cycle of mass selection reported by Rattunde, 1988. 
respectively. The selection for panicle surface area on plant basis is good as compare to progeny 
basis for yield, because panicle surface area depends upon its two components i.e.panicle length and 
diameter. Panicle length and diameter is easy to measure in a number of plants and it does not 
require much resources. 
Panicle surface area was positively comlated with grain number per m2, grain size and grain 
yield per m2 among five experimental varieties (PCVI to PCVS) selected on the basis of panicle 
surface area in the three populations. For example, an increase of 29% in panicle surface area 
resulted in a corresponding increase of 7% in grain number per m2, 7% in grain size and 14% in 
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grain yield per m' with decrease of 7% in panicle number per m' across three populations. The 
positive correlation between panicle surface area and grain yield per m' is in agreement with the 
results reported by Bidinger rt al. (1993). Positive cornlation between panicle surface area and grain 
size has been reported earlier (Singh and Ahluwalia, 1970). 
Panicle surface area however, was negatively correlated to panicle number per m2.The 
negative association of panicle length and diameter with panicle number has been reported 
previously (Navale and Harinarayana, 1992; Navale et al., 1995). The negative correlation between 
panicle surface area and panicle number perm' offset a part of the grain size in individual panicle 
productivity on grain yield. Results obtained here supported that selection for large panicle surface 
area needs to be combined with selection for higher tiller number to be effective in increasing grain 
yield. Normally increasing grain number by conventional selection results in a decrease in grain 
size (Alagarswamy and Bidinger, 1985). Increasing panicle surface area resulted in an equal increase 
in grain number per rn2 and grain size. Grain number per m2 was positively correlated with grain 
yield per m' in the study reported by Shankar et al. (1963) and Mahadevappa and Ponnaiya (1967). 
The results of positive association between grain size and grain yield per m2 is in agreement with the 
results reported by, Gopinath (1980), Kamala et al. (1986), Diz et al. (1994), Letitia and Palanisamy 
(1995) and Tomar et al. (1995). 
Substantial increase in grain yield in this experiment due to one cycle of mass selection due 
to a significant increase (7%) in grain number per mZ and grain size. 
SUMMARY 
The present study was carried out to investigate the erect of panicle surface area on 
panicle grain number, grain size and grain yield in pearl millet. The experimental material 
consisted of two sets of experiment. 
S, progeny evaluation. 
* Experimental varieties evaluation. 
S, PROGENY EVALUATION 
The 144 S, progenies of three composites viz., EC 87, EC 91 and HHVBC were 
evaluated in Completely Randomized Block Design (CRBD) with three replications at ICRISAT- 
Patancheru in rainy seasons of 1994 and 1995 for nine traits viz., paniclc length, panicle 
diameter, panicle surface area, panicle number per m', 1000 grain wcight (grain size), grain 
number per panicle, grain yield per panicle and grain yield per m2. The salient features of the 
results obtained are summarised below: 
Significant variation was observed for all the traits in the three composites, indicating 
that there was enough genetic variability present in the material under investigation 
despite the selection on the basis of panicle surface area for choosing the S, 
progenies. 
Panicle surface area had high heritability (91%) as compared to grain yield (70%) and 
other yield components across three composites which indicated that selection for 
panicle surface area would be effective. 
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* Panicle surface area was genetically positively correlated to grain number per panicle 
(0.48), grain size (0.33), grain yield per panicle (0.67), and grain yield perm! (0.35) 
across three composites. But it was negatively correlated to panicle number per m? 
(-0.51) 
The difference in the strength of the correlation of panicle surface area with grain 
number per panicle and gain number perm? was due to the negative correlation bclwce~~ 
panicle surface area and panicle number perm'. 
Estimated gain from indirect selection of panicle surface area for grain number per 
panicle (I 8%), grain size (1 I%), grain yield per panicle (36%) and grain yield pcr m? 
(10%) across three composites. 
EXPERIMENTAL VARIETIES EVALUATION 
Panicle traits 
The 24 experimental varieties of three composites viz., EC 87, EC 91, and HHV BC were 
evaluated in Completely Randomized Block Design (CRBD) with four replications in 1 1  
environments at Hisar, Rohtak and ICRISAT-Patanchem during rainy season of 1996 and the 
summer and rainy seasons of 1997 for seven panicle traits viz., panicle length, panicle diameter, 
panicle surface area, grain number per cm2, 1000 grain weight (grain size), grain number per 
panicle and grain yield per panicle. These detailed studies were based on ten randDmly selected 
primary panicles per plot. The salient features of the results obtained are summarised below: 
93 
Significant variation among experimental varieties was observed for all panicle traits. 
Effects due to base population, selection and their interaction with in the genotype 
source of variation was also significant for all the traits. 
The actual gain in PCVS (with maximum panicle surface area) over the original 
population was 12% for panicle surface area, 7% for grain number per panicle, 3% 
for grain size and 10% for grain yield per panicle across the composites. 
Breeder selection was effective in improving grain yield per panicle and grain number 
per panicle over the original population by an average of 2% and 5%, rcspcctively, in the 
three composites. 
The net effect increase in grain yield per panicle was less than the prediction (110% vs 
prediction of 36%) 
The selection for large panicle surface area i.e. PCVS was more effective than breeder 
selection for grain yield per panicle by an average of 7% in the three composites. 
Panicle surface area was genetically positively correlated with grain number pcr panicle 
(0.91), grain size (0.72) and grain yield per panicle (0.98) across three composites. 
EXPERIMENTAL VARIETIES EVALUATION 
Plot traits 
The 24 experimental varieties of three composites viz., EC 87, EC 91 and HHVBC were 
evaluated in Completely Randomized Block Design (CRBD) with four replications in 11 
environments at Hisar, Rohtak and ICRISAT-Patancheru during rainy season of 1996 and the 
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summa and rainy seasons of 1997 for the effect of selection for panicle surface area on nine plot 
traits viz., panicle number per m', grain number per m', 1000 grain weight (grain size). grain 
number per panicle, grain yield per panicle, grain yield perm', days to 50% flowering, plant 
height and fodder yield per m'. The salient features of the results obtained are summarised below: 
Significant variation among experimental varieties was observed for all plot traits. 
Effects due to base population, selection and population x selection interaction within 
the genotype source of variation were also significant for all the traits. 
* The actual gain in PCVS (with maximum panicle surface area) over the original 
population was 7% for grain number per m' and 8.7% for grain yield perm' across the 
composites. 
Breeder selection was not effective in improving grain yield per m? over the original 
population. Breeder selection was effective in improving grain number per m' by m 
average of 4% across the composites. There was no change in grain size due to breeder 
selection in any of the three composites. 
The net effect increase in grain yield per m' was almost similar to the prediction (+8.7% 
vs prediction of 10%) 
The selection for large panicle surface area i.e. PCVS was more effective than breeder 
selection for grain yield per m2 by an average of 9% in the three composites. 
Panicle surface area was genetically positively correlated with grain number per m' 
(0.37), grain size (0.30) and grain yield per m2 (0.73). 
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Panicle surface area was positively correlated with grain number per panicle . grain size 
and g a i n  yield per panicle among experimental varieties (PCVI to PCV5) selected on the basis 
of panicle surface area in the three composites. For example, an increase of 29% in panicle 
surface area resulted in a corresponding increase of 15% in grain number per panicle, 8% in gain 
size and 23% in grain yield per panicle across three composites. Hence, select~on for increased 
panicle surface area was effective in increasing grain yield per panicle as 11 simultaneously 
increased grain number per panicle and individual grain size. 
On plot basis the panicle surface area was also positively correlated with grain number 
per m2, grain size and grain yield per m2 among experimental varieties (PCVI to PCVS) selected 
on the basis of panicle surface area in three composites. For example, an increase of 29% in 
panicle surface area resulted in a corresponding increase of 7% in grain number perm', 7% in 
grain size and 14% in grain yield per m2 with decrease of 7% in panicle number per m' across 
three composites. Hence, selection for large panicle surface area needs to be combined with 
selection for higher tiller number to be effective in increasing grain yield. 
From this study it is concluded that the selection for increased panicle surface area was 
effective for increasing grain yield per panicle as well as grain yield per plot. 
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